This work was carried out to investigate the efficacy of sensory integration therapy in improving gross motor coordination and grip control in Down syndrome children. Thirty children were enrolled in this study and randomly assigned into two groups: group A received (sensory integration therapy program plus specific physiotherapy training) and group B received (specific physiotherapy training program only). Motor coordination test measures (Balancing backward, Hopping, Jumping from side to side and Transferring boxes) to test and follow gross motor coordination, handheld dynamometer to test and follow grip control ability and kinesthesia test to test and follow awareness of joint position and movement. These measurements were taken before initial treatment and after 12 weeks of treatment. The children parents in both groups A and B were instructed to complete 3 hours of the home routine program. Data analysis was available on the 30 Down syndrome children participating in the study. The difference between pre-and post-treatment results was more significant in Motor coordination test measures in the study group than the control group. Grip control ability and kinesthesia test demonstrate representative improvement in the study groups (p = 0.0001) while insignificant in the kinesthesia control group and significant in a grip control group. The addition of sensory integration therapy program to specific physiotherapy training is recommended in improving gross motor coordination and grip control abilities in Down syndrome, so this suggested approach may be used as a selective choice for improving posture control and hand functions in Down syndrome children.
Introduction
The responsibility of overexpression genes present in chromosome 21 on occurring central nervous system dysfunctions in Down syndrome children is the decrease of amount, shape and volume of the neurons, impaired neural myelination of CNS, insufficient neurotransmitter, degenerative process and more expressions of neural apoptosis and amyloidal precursor protein [1] [2] .
Several factors cause the delay in gross motor coordination in Down syndrome, firstly hypotonic factor which affects abdominal muscles resulting in loss of balance during standing. The second is the laxity of the ligament due to abnormal collagen distributions appearing in foot leading to flat feet, in knee leading to genu recurvatum and in hip leading to hypermobility with instability of the joint. The third is the decreased muscle strength especially trunk muscles and LL muscles which interfere with skills development and the last factor is the shortening of the limbs in relation to trunk length leading to difficulty in acquiring sitting unless the child flexes his trunk forward to be able to use upper limbs as a support and move farther sideways when he has fallen to the side to compensate the arm shortening also he has difficulty in climbing stairs due to its height in relation to shorted L. L. [3] . The brain of DS children becomes smaller and lighter than normal children, decreased neuronal numbers, impaired synaptic efficiency due to decreased neurotransmitter and delayed in the neural myelination process. The central nervous system provides a solution to these problems by producing an abnormal co-contraction pattern of pre-programmed movement to increase balance response leading to increasing effects of disturbances. This will lead to walking, grasping and reaching becoming slower in reaction time [4] .
There are delaying stages of motor development in Down syndrome; this slowness in gross and fine motor abilities affects neuropsychomotor abilities [5] . As well as decreased bone density, cartilage hypoplasia, laxity of ligaments and hypotonia affect joint torque and contraction efficiency leading to impaired ADL activities and postural reaction [6] .
In Down syndrome, there is a delay of motor control and sensory feedback leading to physical, cognitive and perceptual limitations which interfere with ADL activities [7] [8] [9] . Long motor reaction time is the most problem facing Down syndrome in performing functional motor skills, programming, and fractionated reaction, leading to high energy consumption and clumsy gross and fine motor skills [10] .
According to the proximal-distal development principle, trunk stability is developed first and is considered a pre-request to fine motor skills [11] . The motor learning process is the main core based on the treatment of DS because it depends on the improvement of perception-cognition complex that is the base of motor control which is delayed in DS [12] .
Materials and Methods

Demography
30 children from the two sexes with Down syndrome children were joined in this study at Private Schools for Down syndrome, aged 6 to 9 years at a time of enrollment due to the children in this age could participate in gross motor coordination graduations. Children could walk with assistance, otherwise, DS that run up against the involvement rules were derived out if they had: preceding amputation surgery in the L. L., sever convulsion and advanced mental delay
Sample Collection
Children were selected randomly to the study group (A) taken sensory integration therapy (SIT) plus specific physiotherapy program at the same time the control group (B) taken specific physiotherapy program only. The individual-based SIT treatment sessions of 60 minutes plus specific physiotherapy program for 60 minutes were conducted 7 days a week for 3 months in a physiotherapy treatment room for the group (A). Also, children in the study and control groups were subjected to home regular program 3 hours daily for the 3 months treatment period. The control group (B) received a specific physiotherapy program only. test by using 2 boxes. The child hold one box in his hand and step over the other then put the box in his hand alongside the other to step on it with lifting the other box. A number of corrected movements were recorded [13] .
Outcome Measurements
2) Grip control assessment: By hand-held dynamometer used to test skeletal musculature development in DS. The child was seated with elbow level at the same level of a table or slightly above with shoulder adducted to the trunk and elbow flexed 90 degrees. Three repetitions were performed and the best performance one was recorded [14] .
3) Kinesthesia task assessment: To test awareness of body position and movement by asking the child to close his eyes with holding his fingers to move World Journal of Neuroscience it from a predetermined point to another on the sheet then ask the child to repeat this movement based on his sense of movement. Measurement the distance between a predetermined point and the point which the child reached [15] .
Intervention
For all children, the treatment was handling 7 days a week, for 3 months. Each session persists for 120 minutes (60 minutes sensory integration therapy program for study group plus 60 minutes for specific physiotherapy program for each group) in a physical therapy room, in addition to 3 hours of the home regular program, 7 days a week around the treatment period. 7) Coordination ex. by using a finger to finger, finger to nose, heel to knee and make circle and figure of 8 by legs start slow then fast and with the opened eye then closed eye.
8) Communication and social skills training. 9) Improve joint stability by improving co-contraction, posture control and graduated active ex. 12) Gait training: walk with wide base gait due to hypotonia, ligament laxity and muscle weakness training aiming to decrease BOS during walking.
13) Trunk posture training: upright posture training during sitting with graduated active ex. to trunk muscles to correct (abnormal sitting posture, sit with a backward pelvic tilt, curved trunk and the head lying down on the shoulders).
14) Facilitatory techniques as faradic stimulation to antigravity muscles, quick stretching, facilitate muscle contraction by (tactile stimulation-compression on bony prominence and rubbing on muscles).
15) Facilitation of delayed milestone [16] . The experimental group (group A) received sensory integration therapy program as following:
Sensory integration therapy is considered a bridge which Down syndrome children search for it to reach the optimum reaction time of motor control. The sensory integration therapy include tactile stimulation therapy which depends on stimulation of extroceptors which has protective and discrimination functions and proprioceptors stimulation therapy which receive the stimulations from muscles and joints which depend on push and pull activity and it is considered vital in development of fine and gross motor activity in Down syndrome because it affects on motor planning activities plus the vestibular stimulation therapy which depend on receiving the stimulus from movement and gravity affecting on balance, eye movement, posture, muscle tone, and attention [17] .
Functional activities of tactile, proprioceptive and vestibular training: 1) Motor planning skills: -Throwing and catching balls of different size, shape, weight, and texture. − Standing, walking, running, hopping and jumping on different surfaces (rubbery-rough-smooth-slippery).
2) Righting, equilibrium and protective reaction training from different positions. − Quadripedal activities: as play boat in the ocean (disturbance and graduations). − Appeal activities: as climbing stairs, pushing and pulling activities, carrying of heavy material, jumping, hopping, skipping and drawing.
3) Visual-spatial perception: puzzles training, block designs, a copy of designs, serial activities as graduated pegs and pegboard activities [18] . − Scratching, pressuring, raping, brushing and scrubbing the skin tactile receptors. − Placing hands and feet in sands, beans, and rice for discrimination. − Taste, smell, visual and hearing stimulation.
2) Vestibular training: − Disturbance of the child from different developmental positions with changing of the base of support and center of gravity with eye opened then closed and with shifting weight on the two legs then on one leg to achieve gradual postural control ability. − Upside down, swinging therapy, medical ball, balance board, and biodex stability system training. − Gait training on one line then side walking then bypass walking.
3) Proprioceptive training: − Static proprioceptive training via weight bearing and positioning. − Dynamic proprioceptive training via walking and manual approximation in whole joint angles to stimulate whole proprioceptors of lower, upper limbs joints and shoulder and pelvic girdles. − Weighted clothes were used for proprioceptive stimulation. − Weighted ball for pulling and pushing was used for stimulation. 
Statistical Analysis
SPSS statistical package was used to calculate p value via dependent and independent t test. Statistical significance was determined at p < 0.05. 
Result
Patients' Characteristics
Changes in Posture Stability
Mean test scores and SD for both groups are displayed in Table 2 . The mean 
Changes in Coordination and Motor Control
Mean test scores and SD for both groups are displayed in Table 3 
Changes in Jumping from Side to Side Scores
Mean test scores and SD for both groups are displayed in Table 4 . The mean record of Jumping from side to side scores in the two groups at (pre-and post-treatment) were worthless (p > 0.05). The average improvement of Jumping from side to side scores had a tendency to be extremely representatives improvement in the study group (6.87 ± 1.19 versus 5.67 ± 1.45, p = 0.0001) than in the control group (6.53 ± 1.25 versus 6.33 ± 1.23, p = 0.0824). The percentage of improvement of Jumping from side to side scores was (21.16%) in the study group compared to the (3.16%) in the control group.
Changes in Motor Planning and Organization
Mean test scores and SD for both groups are displayed in Table 5 . The mean record of Motor planning and organization level in the two groups at (pre-and post-treatment) were worthless (p > 0.05). The average improvement of Motor planning and organization level tended to be extremely representatives improvement in the study group (7.47 ± 1.51 versus 6.67 ± 0.63, p = 0.0001) while representatives improvement in the control group (7.67 ± 0.90 versus 7.27 ± 0.88, p = 0.0086). The percentage of improvement of Motor planning and organization level was (12%) in the study group compared to the (5.5%) in the control group.
Changes in Grip Control Assessment
Mean test scores and SD for both groups are displayed in Table 6 . The mean record of Grip control assessment in the two groups at (pre-and post-treatment level) was representatives (p < 0.05). The average improvement of Grip control assessment had a tendency to be extremely representatives improvement in the study group (7.93 ± 1.39 versus 7.20 ± 1.42, p = 0.0012) than in the control group (6.53 ± 1.25 versus 6.13 ± 1.30 p = 0.0086). The percentage of improvement of Grip control assessment was (10.14%) in the study group compared to the (6.5%) in the control group.
Kinesthesia Task Assessment
Mean test scores and SD for both groups are displayed in Table 7 
Discussion
The results of the present study suggest that sensory integration therapy might be useful to enhance Posture stability, Coordination and motor control also In normal children preprogramming and reaction time responses rely on reciprocal innervations or inhibition mechanism so improvement of this mechanism leading to improvement of motor abilities and decision making mechanism.
These strategies are impaired in Down syndrome leading to clumsiness which means decreasing of movement reaction time and inability to respond rapidly to new stimulus. In fast movement, the down syndrome children cannot take a decision to correct the movement due to long reaction time and preprogramming defects leading to balance loss and fallen down. Inability of DS children to perform grip forces efficiently due to excessive forces produced (clumsiness) leading to wrong localization of object characteristics and release abilities [10] .
Disorders related to DS include: -nervous system irregularities, impairment sensory feedback, delay of perceptual and cognitive skill, delay in speech and delay in gross and fine motor skills [23] - [29] . Slow reaction time, clumsy movement (lack of smoothness) and multijoint pointing tasks occurred due to impairment of initiation of movement as a response to external stimulus so it appeared as slowness movement also this occurred in a sequence of movement in which the Down syndrome children deal with each sequence of movement as a separate movement so increase in reaction time occur in compound movement [30] [31] [32] [33] [34] .
As a result of delayed motor neuron myelination and decreased numbers of synapses of higher nervous centers neurons in Down syndrome released of primitive spinal pattern response over centrally coordinated pattern occurred [2] [35] [36] . An impaired spinal motor control mechanism is the main cause of lack of motor control in DS as clumsiness of movement with long reaction time and preprogramming delay [37] [38] . Delaying of cognitive skill in DS leading to impairment information process, delayed decision making, prolonged motor reaction time, delay of postural reaction and loss of anticipatory reaction and inability to accommodate sensory changes [2] [10] [39] .
The DS children have chemical and mechanical changes leading to laxity of ligaments, hypotonia and abnormal movement pattern in which movement become slower with long reaction time, less smooth plus abnormal muscle co-contraction with the instability of the joints [40] - [45] . Posture instability in DS occurred due to hypotonia and laxity of ligaments as in Figure 3 & Figure 4 which is obvious in hypermobility of the hip joints and presence of an abnormal co-contraction mechanism of agonist and antagonist of ankle and knee joints which decrease range of their motion so lower limbs become as inverse pendulum [40] . Abnormal movement pattern of DS has no relation with stretch reflex but mainly with abnormal feedback organization and feedforward command [46] . World Journal of Neuroscience 
Conclusion
The addition of sensory integration therapy to specific physical therapy training is recommended in improving gross motor coordination and grip control, so this suggested approach may be used as a selective choice for gross motor and hand functions abilities in cases of Down syndrome.
